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Abstract
Objective The critical shoulder angle (CSA) is an indicator of
degenerative shoulder pathologies. CSAs above 35° are associ-
ated with degenerative rotator cuff disease, whereas values be-
low 30° are common in osteoarthritis of the glenohumeral joint.
Measurements are usually performed on radiographs; however,
no data have been reported regarding the reliability of CT scan
measurements between different readers or the reproducibility of
measurements from radiographs to CTscans. The purpose of our
study was to clarify whether CSAmeasurements on radiographs
and CT scans of the same patients show similar values.
Materials and methods CSA measurements of 60 shoulders
(59 patients) were performed on radiographs and multiplanar
reconstructions of corresponding CT scans. Inter-reader reli-
ability and inter-method correlation were calculated.
Results The mean discrepancy between readers was only 0.2°
(SD ±1.0°) on radiographs. CT scan measurements showed a
mean discrepancy of 0.3° (SD ±1.2°). The inter-reader reli-
ability was 0.993 for radiographs and 0.989 for CT scans.
There was a very strong inter-method correlation between the
CSA measured on radiographs and CT scans (Spearman’s
rho=0.974). The mean differences between angles on ra-
diographs and CT measurements were −0.05° (SD ±1.2°)
and 0.1° (SD ±1.2°), respectively.
Conclusion Measurements of the CSA on anterior-posterior
radiographs and CT scans are highly correlated, and inter-
modality differences are negligible.
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Introduction
The critical shoulder angle (CSA) is a new radiographic mea-
surement tool that may indicate the presence of degenerative
shoulder pathologies. This parameter revealed not only an
association with degenerative rotator cuff tears but also with
the presence of glenohumeral osteoarthritis. While a CSA
greater than 35° was correlated with degenerative rotator cuff
tears, a CSA below 30° was common in osteoarthritis of the
glenohumeral joint [1, 2]. The CSA measurement is usually
performed on true anterior-posterior radiographs of the shoul-
der to determine the angle between the glenoid plane (superior
glenoid rim to inferior glenoid rim) and the gleno-acromial
plane (inferior glenoid rim to the most lateral extent of the
acromion) [1]. Although the reliability of CSA measurements
on radiographs has been proven (even on projections of a
scapular position altered by up to 20° [1]) there is no informa-
tion regarding the measurement of the CSA on cross-sectional
imaging, such as CT scans. Because CSA measurements are
based on defined bony landmarks, it remains unclear if the
measured angles differ between cumulative radiographs and
uniplanar CTscans. In the present study, we aimed to determine
the degree of correlation between CSA measurements on CT
scans and radiographs and to determine if CSA measurements
on CT scans are reliable between different readers.
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Materials and methods
Patients
A consecutive selection of anterior-posterior radiographs and
corresponding CT scans of 60 shoulders (59 patients) were
extracted from the hospital radiological database and retro-
spectively analysed. Patients with different clinical shoulder
pathologies including instability, osteoarthritis and rotator cuff
pathologies were included. Only complete data sets with
sufficient image quality were eligible for the study. Radio-
graphs and CT scans were obtained within a period of
12 months in every patient. Patients with bony deformities
or significant wear (loss of glenoid contour) as well as patients
with fractures of the glenoid, scapula spine or acromion were
excluded. Data sets were anonymized after selection for fur-
ther analysis.
All radiographs and CT scans were analysed by two inde-
pendent readers, one orthopaedic surgeon (S.B.) and one
fellowship-trained musculoskeletal radiologist (C.E.). Mea-
surements of both radiographs and CT scans were performed
on PACS stations in the radiology department. This study was
conducted according to the medical-ethical guidelines of our
institution for retrospective data analysis.
Measurements on radiographs
As previously described, the CSA was measured on true
anterior-posterior radiographs (upright position) by first draw-
ing a line connecting the superior and inferior bonymargins of
the glenoid and then drawing a second line from the inferior
bony margin of the glenoid to the most lateral border of the
acromion [1] (Fig. 1). Slight malrotation in the coronal and
sagittal plane was accepted since previous cadaver studies [1]
showed constant CSAmeasurements in malrotation up to 20°.
Measurements on CT scans
All scans were made using a 64-slice CT unit (Toshiba,
Torrance, CA, USA). Imaging was obtained in supine position
with both arms in neutral rotation. Three-dimensional recon-
structions of the scapula were computed using multiplanar
reconstruction (MPR). The plane of measurement was sys-
tematically defined by the cut with the largest visible distance
between the superior and inferior border of the glenoid on the
coronal plane and the most lateral point on the cut with the
most lateral extension of the acromion on the axial plane. In
most of the cases, therefore, a new slight oblique coronal plane
was defined by both readers independently since the standard
coronal set did not include the most lateral extension of the
acromion (Figs. 2 and 3). Clearly identifiable osteophytes
were not included to angle measurements.
Statistical analysis
We expressed the distribution of variables using means and
standard deviations for normally distributed data and medians
and interquartile ranges for non-normally distributed data. We
tested data for normality using the Kolmogorov-Smirnov test
and performed quantile-quantile plots of dependent variables
[3, 4].
We calculated inter-reader correlation coefficients (ICC) to
assess the reproducibility of the ratings. We considered ICCs
of 0.7 or higher to be sufficient [5]. We also calculated
Spearman’s correlation coefficient to assess the relationship
between the CSA measured in the radiographs and CT scans.
All analyses were conducted using the STATA software
(version 12, StataCorp., College Station, TX, USA).
Results
Of the 59 patients (60 shoulders) included in the study, 34
were male and 25 were female (median age, 60 years; inter-
quartile range, 41.5–71 years). Glenohumeral osteoarthritis
(n=29) and shoulder instability (n=16) were the most
Fig. 1 Measurement of the critical shoulder angle on a conventional
anterior-posterior radiograph of a right shoulder: One line is drawn to
connect the superior and inferior bony margins of the glenoid, and a
second line is drawn from the inferior bony margin of the glenoid to the
most lateral border of the acromion
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frequent pathologies. Other diagnostic findings included
unspecific shoulder pain (n=5), rotator cuff tears (n=4),
rheumatoid arthritis (n=3), one case with arthritis of the
acromioclavicular joint, one subcapital humeral fracture
and one fracture of the scapula without extension to the
glenoid. A total of 30 left and 30 right shoulders were
assessed.
The mean CSAmeasured by reader 1 was 33.2° (SD ±5.9°)
on radiographs and 33.3°(SD ±5.7°) on CT scans, while the
mean CSA measured by reader 2 was 33.1° (SD ±5.9°) on
radiographs and 33.0° (SD ±5.6°) on CT scans. The mean
discrepancy between reader 1 and reader 2 on radiographs was
0.2° (SD ±1.0°), and the mean discrepancy on CT scan mea-
surements was 0.3° (SD ±1.2°).
The mean differences between radiographs and CT mea-
surements were −0.05° (SD ±1.2°) for reader 1 and 0.1° (SD
±1.2°) for reader 2. The calculated inter-reader reliability was
0.993 for radiographs and 0.989 for CT scans. The inter-
method correlation between the CSA measured on the radio-
graphs and the CSA measured on CT scans was very strong
(Spearman’s rho=0.974) (Fig. 4).
Discussion
Combining the glenoid inclination and the lateral extension of
the acromion in a single radiographic parameter, the CSA has
proven to be reliable for the assessment of the scapular geom-
etry associated with various degenerative shoulder patholo-
gies [1, 2]. Independent correlations between these two factors
and shoulder impingement or degenerative cuff disease have
previously been reported [6–9]. With the introduction of the
CSA, a correlation between scapular geometry and
glenohumeral osteoarthritis was demonstrated for the first
Fig. 2 Schematic view of the defined plane for the multiplanar recon-
struction (MPR) of the CT scan. The plane is defined by the three points:
superior border of the glenoid, inferior border of the glenoid and most
lateral point of the acromial extension
Fig. 3 Measurement of the critical shoulder angle on the defined plane
with MPR on the corresponding CT scan of the same right shoulder. The
angle is measured on the plane defined by the cut with the largest visible
distance between the superior and inferior border of the glenoid on the
coronal plane and the most lateral point on the cut with the most lateral
extension of the acromion on the axial plane
Fig. 4 Relationship between the CSAs measured on CT scans and
radiographs
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time. While angles above 35° are highly associated with
degenerative cuff tears, measurements below 30° are common
in osteoarthritic shoulders [1]. Researchers have yet to prove
the biomechanical concept of the “balanced shoulder” where
mechanical loading by the deltoid muscle and its force vector
promotes an increased load on the glenoid cartilage (low
CSA) or on the supraspinatus tendon (high CSA) in unbal-
anced shoulders.
However, despite the reliability and reproducibility of the
CSA measurement technique on radiographs, it is possible
that angle measurements on cumulative images, such as ra-
diographs, are not as precise as measurements on tomographic
cross-sectional images where the exact landmarks can be
defined. Because MRI images tend to display heterogenic
definition of cartilage contours and bony edges, computed
tomography, with its high resolution of bony structures, seems
to be the most appropriate modality for precise CSA measure-
ments. The option of computed reconstruction of the plane
with the maximal superior-inferior distance of the glenoid
combined with the exact determination of the coronal plane
with the maximal lateral extent of the acromion is theoretically
superior to measurements on three-dimensional, cumulative
radiographs in terms of reproducibility and reliability.
The results of our study not only prove that measurements
on CT scans are highly reliable but also indicate that the
differences between measurements on anterior-posterior ra-
diographs and CT scans are negligible. However, our data do
not provide any explanation for the finding of radiographic
and CT scan measurements being very similar despite the
implementation of the third dimension with computed tomog-
raphy. The relative position of the acromion to the glenoid in
space has not been investigated in a large number of individ-
uals yet. Further anatomical studies to clarify this issue are
needed.
According to our results, CT-based assessments of the CSA
are not necessary to improve measurement accuracy. In-
creased radiation exposure and costs can be avoided by using
only radiographs.
The small number of patients (and shoulders) included is
one of the study’s limitations. However, the strong correlation
of the measurements between radiographs and CT scans
(r=0.974) indicates sufficient cohort size. Furthermore,
one of the two readers was a board-certified orthopaedic
surgeon; therefore, potential differences in measurement tech-
nique compared to the fellowship-trained musculoskeletal
radiologist may be postulated. This fact, we believe, has a
minor impact only, since the orthopaedic surgeon is used to
read CTscans of joints in his daily routine and was taught how
to use the MPR software for this study.
Conclusion
The present data demonstrate that measurements of the CSA
on anterior-posterior radiographs and CT scans are highly
correlated and that inter-modality differences are negligible.
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